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FOREWORD 


This  report  was  prepared  in  the  Radiobiology  Division,  under  task  No.  775708. 
The  work  was  accomplished  between  November  1945  and  March  1948,  and  the  paper 
was  received  for  publication  on  18  July  1948. 

R.  8.  Martinos  prepared  some  of  the  preliminary  data  used  in  the  study. 

The  involved  in  this  study  were  maintained  in  accordance  with  the  “Guide 

for  Laboratory  Animal  Facilities  and  Care”  as  published  by  the  National  Academy 
of  Sciences-N ational  Research  Council. 


This  report  has  been  reviewed  and  is  approved. 


ABSTRACT 


To  doteraine  whether  a  combination  of  derivatives  causes  less  toxicity  in 
achieving  the  radioprotective  effect  of  tryptamine,  laboratory  rats  were  injected 
intraperitoneally  with  6-hydroxytryptamine  alone,  and  in  combination  with  5-methoxy- 
tryptamlne  and  sodium  hexobarbitel,  before  exposure  to  1,200  R  gamma  radiation. 
Results  show  that  survival  increases  when  the  agents  are  given  in  certain  combina¬ 
tions.  Thirty-day  survival  (27/80)  of  rats  treated  with  the  triple  drug  combination 
was  significantly  greater  than  the  survival  of  rats  treated  with  any  of  the  drugs 
Individually.  These  data  suggest  that  an  additive  or  synergistic  effect  may  be 
present  when  the  agents  are  administered  in  combination.  The  data  also  suggest  that 
radioprotection  by  indolylalkylamines  is  more  effective  against  1,200  R  gamma 
delivered  over  a  short  interval  than  against  the  same  dosage  over  a  more  extended 
interval.  The  optimum  time  for  drug  administration  was  found  to  be  approximately 
16  minutes  before  irradiation.  To  extend  this  radioprotection  to  primates,  Maeaca 
mulatto  were  injected  intraperitoneally  with  the  triple  drug  combination  before  expo¬ 
sure  to  860  R  x-rays.  Of  the  treated  primates,  4  out  of  16  survived. 


nsoMuunrUMHG  as  ramoprotectants 


L  INTRODUCTION 

Chemical  radioprotectants  have  been  recog¬ 
nized  as  partially  effective  by  many  investiga¬ 
tors  (3,  4,  7).  The  toxicity  of  most  of  these 
agents  constitutes  a  common  problem  to 
biologic  systems  and  requires  careful  evalua¬ 
tion  (14).  In  administering  a  chemical  radio- 
protectant,  care  must  be  taken  to  maintain  the 
safe  maximum  dosage,  to  use  the  least 
traumatic  route  of  medication,  and  to  com¬ 
pound  the  agents  in  a  form  for  rapid  distribu¬ 
tion  and  metabolism.  The  problem  is  further 
complicated  when  drugs  or  chemicals  are  com¬ 
bined  in  a  biologic  system.  Here,  one  often 
encounters  the  unexpected  results  of  either 
drug  antagonism  or  drug  synergism  (5,  6). 

This  study  was  prompted  by  our  findings 
that  pentobarbital  will  potentiate  the  action  of 
sulfhydrylamines  such  as  AET,  as  well  as 
tryptamines  such  as  serotonin,  in  rodents  (13)  * 
and  that  5-methoxytryptamine  is  less  toxic  and 
better  tolerated  than  5-hydroxy  try  ptamine  in 
rodents  (12).  Therefore  a  mixture  of  the  two 
tryptamines  might  be  expected  to  afford  less 
toxicity  for  a  given  concentration  of  trypta- 
mine,  and  the  radioprotective  effect  might  be 
potentiated  by  the  appropriate  addition  of  a 
barbiturate-type  drug  (13). 

n.  METHOD 
Animal  care  and  maintenance 

Male  Sprague-Dawley  rats  were  obtained 
from  a  Berkeley,  Calif.,  laboratory.  These 
albino  rats  averaged  approximately  200  gm.  in 
weight  at  the  time  of  arrival.  After  10  days 
of  quarantine  in  the  vivarium  they  were  trans¬ 
ferred  to  wire-mesh  colony  cages  in  an 


air-conditioned  room.  They  were  fed  Purina  lab¬ 
oratory  chow  and  water  ad  libitum.  The  rats 
were  ear-tagged,  weighed,  and  randomly  placed 
in  groups  of  6.  Each  group  occupied  a  separate 
compartment  in  the  colony  cage.  The  rate  of 
weight  gain  observed  during  this  regimen' was 
normal  according  to  sales  literature  furnished 
by  the  supplier. 

Primates  (Macaco,  mulatto,)  used  in  this 
experiment  were  Asiatic  imports.  They  had 
been  clinically  examined  and  quarantined  be¬ 
fore  delivery  to  our  facility.  Upon  arrival, 
they  were  again  quarantined  for  30  days  and 
standardized  for  our  experiment.  Standardiza¬ 
tion  included  fecal  examination  for  ova  and 
parasites,  bacterial  culturing  for  pathogenic 
flora,  tuberculosis  screening,  and  physical  ex¬ 
amination  for  gross  abnormalities. 

Reagents 

Our  stock  component  medications  were  ob¬ 
tained  from  commercial  sources,  and  the  drug 
preparations  were  compounded  in  our  labora¬ 
tory  just  before  use.  These  combinations  were 
dissolved  in  sterile  distilled  water.  The  drug 
solutions  were  then  passed  through  a  sterile 
Millipore  filter.  Injected  doses  were  based  on 
individual  animal  weight  and  measured  into 
tuberculin  syringes.  All  injections  were  made 
intraperitoneally.  No  rat  received  more  than 
1  cc.  of  solution. 

The  5-hydroxy tryptamine  (5-HT)  referred 
to  throughout  this  report  is  the  5-hydroxy- 
tryptamine  creatinine  sulfate  complex;  its 
molecular  weight  is  405.4.  The  5-methoxy- 
tryptamine  (5-MT)  has  a  molecular  weight  of 
190.2  and  a  melting  point  of  120  C. 
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Radiation 

Gamma  radiation  from  a  5,000  c.  **Co 
source  (8)  was  delivered  to  groups  of  6  rats 
held  in  six  individual  compartments  within  a 
horizontal,  revolving,  wire  cylinder.  Prelimi¬ 
nary  irradiations  were  done  in  a  stationary, 
rectangular  wire  cage  having  individual  rat 
compartments.  Dose  rates  varied  from 
74  R/min.  to  800  R/min.  Measurements  were 
calculated  from  a  *®Co  source  decay  chart  and 
also  by  ion  chamber  dosimeters  (Victoreen, 
100  R).  Variations  in  dose  measurements  of 
less  than  8%  total  dosage  were  considered  as 
being  identical. 

X-irradiation  was  delivered  from  a  Y  ori- 
tron  S00  machine.  The  800  kvp  therapy 
machine  was  operated  at  a  current  of  20  ma. 
Filtration  was  acomplished  with  a  standard  Al- 
Cu-Sn  filter  which  yields  a  half-value  layer 
(HVL)  of  2  mm.  copper.  The  target- subject- 
distance  (TSD)  was  185  cm.  from  the  point 
of  delivery  to  the  midline  of  the  primate  held 
in  a  vertical,  revolving  wire-mesh  cylinder. 
Doses  were  measured  by  ion  chamber  dosim¬ 
eters  (Victoreen,  100  R),  and  the  x-ray  beam 
waa  constantly  monitored  with  a  Victoreen  rate 
meter,  reading  from  a  probe  located  adjacent 
to  the  midline  of  the  rotating  primate. 

III.  RESULTS 

A  modified  Dixon  and  Mood  method,  as 
reported  by  Kimball  et  al.  (9),  was  employed  to 
establish  the  toxicity  (LDn0)  and  the  safe 
maximum  dosages  of  the  drugs  used.  This 
method  yields  results  within  a  5%  S.E.  range. 
Preliminary  studies  (12)  established  the  LDno 
of  the  agents  to  be  as  shown  in  table  I.  The 
LD-„  of  5-HT  was  39  mg./kg.  body  weight 
when  given  intraperitoneally  to  rats,  as  com¬ 
pared  with  80  mg./kg.  for  5-MT,  and  441  mg./ 
kg.  for  sodium  hexobarbital.  These  results 
established  5-HT  as  the  limiting  component  in 
our  combinations. 

Results  of  preliminary  radioprotection 
studies  of  each  drug  administered  separately 
are  shown  in  table  II.  A  study  conducted  ap¬ 
proximately  one  year  later  confirmed  the  radio- 
protective  capucity  of  selected  dose  levels  as 


shoum  in  table  III.  In  both  instances,  sodium 
hexobarbital  alone  yielded  negligible  radiopro¬ 
tection,  and  5-hydroxytryptamine,  in  the 
amount  of  10  mg./kg.,  appeared  to  be  twice  as 
effective  as  the  same  amount  of  5-MT.  This 
finding  compares  favorably  with  earlier  data  in 
the  literature  (1,  4,  17). 


TABLE  I 


Results  of  preliminary  drug  toxicity  studies 


Drug 

LD8#  (mg./kg.) 

Sodium  hexobarbital 

441 

5-HT 

89 

5-MT 

80 

Animal*  uaed:  Sunnw-Diwltr  rata. 
Method  of  Injection:  Intra peritoneal. 
Time  obaeived:  24  hop  re. 


TABLE  II 

Efficacy  of  three  drugs  by  dosage  and 
injection  time 


Drug  and  dosage 

Survival  ratio* 

10  min.f 

20  min.f 

40  min.f 

Sodium  hexobarbital 
(mg./kg.) 

10 

0/6 

0/6 

0/6 

20 

0/6 

0/6 

0/6 

40 

0/6 

0/6 

0/6 

100 

0/6 

0/6 

2/6 

200 

0/6 

0/6 

1/6 

300 

0/6 

1/6 

0/6 

5-HT  (mg./kg.). 

10 

5/5 

2/5 

1/5 

20 

2/5 

2/5 

5/6 

35 

1/5 

2/5 

0/5 

5-MT  (mg./kg.) 

15 

3/C 

1/6 

0/6 

30 

2/6 

4/6 

1/6 

60 

1/6 

3/6 

4/6 

•Rat  Hurvlval  at  10  ileya  axalnal  1,200  R  camma  Irradiation, 
t Injection  time  before  Irradiation. 
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Several  different  drug  combinations  were 
tested  for  drug  toxicity.  The  best  combination 
appeared  to  be  that  of  10  mg./kg.  5-HT, 
20  mg./kg.  5-MT,  and  10  mg./kg.  sodium  hexo- 
barbita],  which  yielded  no  drug  toxicity  deaths. 
Three  higher  concentrations  were  tried  but 
were  discarded  because  of  higher  toxicity. 

An  optimum  combination  dose,  the  “10-20- 
10"  combination,  was  established  and  this 
dose  was  tested  for  its  radioprotective  capacity 
as  shown  in  table  IV.  The  experiment  was 
designed  to  test  also  the  optimum  time  for 
injection  prior  to  irradiation.  Cobalt-60  gam¬ 
ma  radiation  of  1,200  R  was  selected  as  the 
approximate  LD80  radiation  dose  for  our 
Sprague-Dawley  rats.  The  previous  LDgo/so 
for  these  rats  in  our  laboratory  was  931  R 
•°Co  (12). 

In  a  series  of  experiments  to  determine  the 
protection  afforded  when  two  or  more  of  the 
three  drugs  are  combined,  we  achieved  results 
as  shown  in  table  V.  Combining  5-HT  with 
sodium  hexobarbital  yielded  a  lower  (25%) 

TABLE  III 


Radioprotection  afforded  by  drugs  individually 


Drug 

Survival  ratio* 

6-HT  (10  mg./kg.) 

12/24 

6-MT  (20  mg./kg.) 

12/24 

Sodium  hexobarbital  (10  mg./kg.) 

0/24 

•Rat  survival  at  <0  days  agalnat  1,200  R  gamma  Irradiation. 


TABLE  IV 


Optimum,  “10-20-10"  dosage *  at  various 
injection  times  (preliminary  study,  May  1966) 


Before  irradiation  (min.) 

Survival  ratiot 

10 

8/10 

20 

4/8 

30 

3/6 

•ComMnad  drug  dona:  6-HT  (10  mg./kg.,),  5-MT  (20  mg./kg.)t 
and  aodiom  haxofcarMtal  (10  mg./kg.). 

tRat  survival  at  20  dajra  against  1400  R  gamma  Irradiation. 


survival  than  treatment  with  5-HT  alone.  This 
experiment  was  repeated  and  similar,  results 
were  obtained.  Combining  5-HT  with  sodium 
hexobarbital  yielded  42%  survival.  When  5-HT 
and  5-MT  were  combined,  the  survival  rate  in¬ 
creased  to  76%.  When  all  three  drugs  were 
combined  and  injected  in  rats  exposed  to  1,200 
R  gamma  at  400  R/min.,  three  separate  experi¬ 
ments  yielded  survival  of  67%,  70%,  and  78%, 
respectively. 

Matched  experiments  were  performed  to 
determine  the  optimum  time  for  injection  and 
the  least  lethal  rate  of  administering  1,200 
R  *°Co.  It  was  found  that  fewer  deaths  oc¬ 
curred  in  groups  injected  15  minutes  before 
rather  than  10  or  20  minutes  before  irradiation 
as  seen  in  table  VI.  Also,  fewer  deaths  were 


TABLE  V 

Radioprotection  afforded  by  drugs  in 
combination 


Drugs 

Survival  ratio* 

6-HT  and  sodium  hexobarbital 

6/24 

6-MT  and  sodium  hexobarbital 

10/24 

6-HT  and  6-MT 

18/24 

6-HT,  6-MT,  and  sodium 
hexobarbital 

Experiment  1 

16/24 

Experiment  2 

17/24 

Experiment  8 

14/18 

*Rat  survival  at  20  days  against  1,200  R  gamma  irradiation, 
at  400  R/mln. 


TABLE  VI 


Effect  of  injection  time  on  efficacy  of  three 
drugs  in  combination 


Before  irradiation  (min.) 

Survival  ratio* 

10 

18/38 

16 

26/36 

20 

19/86 

•Rat  survival  at  20  days  agalnat  1,200  R  gamma  irradiation. 
Tht  thraa  drugs  us  ad  wars  5-HT,  5-MT,  and  sodium  bssobarUtai, 
in  tbs  "10-20-10"  dosago. 


3 


observed  In  groups  irradiated  at  800  K/min. 
for  1.8  minutes  than  in  groups  irradiated  at 
200  R/min.  for  8  minutes,  or  400'  R/min.  for 
8  minutes,  as  shown  in  table  VII. 

In  an  experiment  to  demonstrate  maximum 
survival  in  rats,  80  rats  were  treated  with  the 
triple  drug  combination  15  minutes  before  be¬ 
ing  irradiated  with  1,200  R  #0Co  at  800  R/min. 
Of  the  treated  rats,  27  out  of  80  survived 
30  days,  while  only  1  out  of  80  control  rats 
irradiated  identically  survived.  Thus,  the 
maximum  survival  obtained  in  these  experi¬ 
ments  was  00%. 

The  triple  agent  combination  was  given  to 
a  group  of  45  rats  15  minutes  prior  to  1,200 
R  *°Co  (administered  at  74  R/min.  for  16V4 
minutes)  to  establish  the  degree  of  protection 
of  the  same  drug  dose  at  extended  periods  of 
radiation.  Forty-five  untreated  control  rats 
were  irradiated  similarly.  In  this  test,  we 
achieved  33%  survival  among  the  treated  rats. 
All  untreated  rats  had  died  by  the  end  of  the 
tenth  day  postirradiation. 

This  radioprotective  combination  was  ex¬ 
tended  to  primates.  A  group  of  16  standard¬ 
ized  primates  were  injected  intraperitoneally 
with  10  mg./kg.  of  5-HT,  20  mg./kg.  of  5-MT, 
and  10  mg./kg.  of  sodium  hexobarbital, 
15  minutes  before  exposure  to  850  R  x-irradia- 
tion.  A  group  of  12  standardized  primates 
served  as  untreated  radiation  controls  and  re¬ 
ceived  850  R  x-rays  without  any  medication. 
Of  the  treated  primates,  2  out  of  15  survived 


TABLE  VII 


Effect  of  dose  rate  on  efficacy  of  three  drugs 
in  combination 


Dom  rate  (R/min.) 

Survival  ratio* 

74 

15/45 

200 

14/36 

400 

25/36 

800 

27/80 

*K*l  aarvfvat  at  M  dajra  acalnat  1400  R  gamma  Irradiation. 
Tho  tkraa  drags  wad  war*  l-HT,  MIT,  and  aodlnm  baaobarbltal 
In  Uta  -IMe-ir*  desaga. 

80  days  ana  were  sacnxicea,  wnne  mu  a*  ir¬ 
radiated  controls  died  from  the  radiation 
syndrome  between  the  tenth  and  fifteenth  day 
postirradiation. 

An  effort  to  increase  survival  time  was 
made  by  increasing  the  radioprotectaht  dose  of 
each  component  by  50%.  Both  6-HT  and  sodium 
hexobarbital  were  increased  to  15  mg./kg.,  and 
5-MT  was  increased  to  30  mg./kg.  In  this 
experiment  4  out  of  15  treated  primates  sur¬ 
vived  80  days  and  no  untreated  controls  sur¬ 
vived,  as  illustrated  in  table  VIII. 


IV.  DISCUSSION 

Gray  et  al.  (7)  and  Bacq  and  Herve  (3)  first 
demonstrated  the  protective  effects  of  6-HT 
against  doses  of  x-irradiation.  These  in¬ 
vestigators  concerned  themselves  primarily 
with  the  protection  of  mice  and  rats  against 
low  energy  x-irradiation  at  doses  of  700  to 
880  R.  More  recent  data  on  indolylalkylamines 
has  been  contributed  by  several  investigators 
(10,  11,  15,  16,  17).  Our  experiments  were 
designed  to  study  the  protection  of  rats  against 
high  energy  gamma  irradiation  of  1,200  R,  and 
more  significantly,  the  protection  of  primates 
against  a  superlethal  dose  of  850  R  x-rays. 
These  data  afford  a  comparison  between  dif¬ 
ferences  in  species  of  mammals  and  types  of 
ionizing  radiation. 

Of  interest  also  is  the  difference  in  toxicity 
of  5-HT  in  rats  as  compared  to  the  relatively 
mild  toxicity  of  5-HT  in  mice  as  indicated  by 
Bacq  (2).  This  investigator  achieved  100% 
survival  in  at  least  one  group  of  mice  by  ad¬ 
ministering  220  mg./kg.  of  5-HT  as  the  radio¬ 
protectant.  The  LDro  of  6-HT  in  our  rats 
(39  mg./kg.  I.P.)  offers  an  immediate  contrast 
between  species. 

Although  the  radioprotective  capacity  of 
this  drug  mixture  proved  successful  in  rats 
against  1,200  R  gamma,  only  limited  success 
was  achieved  in  the  primate  against  850  R 
x-rays.  An  alternate  route  of  administration 
may  improve  radioprotection  with  this  drug 
mixture.  Our  necropsies  revealed  that  the  com¬ 
bination  agent,  when  injected  intraperitoneally, 
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TABLE  VIII 

Survival  of  x-irradiated*  primates  treated  with  three  drugs  in 

combination 


Control 

Experimental 

i  v  1  ■mmmmmmm 

®  V  T 

9 ws  mmmmmm 

art  l.ttNINHNM 

O  B  10-18 

•850  R  x-ray*. 
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caused  extensive  peritonitis  in  the  abdominal 
wall  and  the  omentum  of  the  treated  animals. 
This  condition  was  not  conducive  to  survival 
and  may  have  diminished  the  total  number  of 
survivors.  Additionally,  recent  preliminary  ex¬ 
periments  have  shown  this  same  drug  mixture 
can  be  administered  intravenously  without  det¬ 
rimental  results. 

V.  CONCLUSIONS 

The  enhanced  radioprotective  capacity  of 
mixtures  of  5-HT,  5-MT,  and  sodium  hexo- 
barbital  in  rats  exposed  to  1,200  R  gamma 
irradiation,  as  compared  to  the  much  lower 
radioprotection  offered  by  the  individual  drugs 
tested  identically,  can  perhaps  be  best  attribut¬ 
ed  to  the  effects  of  drug  synergism  according 


to  the  definitions  of  Gaddum  (5)  or  Goth  (6). 
Potentiation  by  sodium  hexobarbital  has  not 
been  shown  by  these  data,  although  data  (12) 
by  other  investigators  suggest  that  potentia¬ 
tion  by  hexobarbital  does  occur  in  chemical 
protection. 

The  decreased  radioprotective  capacity  of 
this  mixture  in  primates  exposed  to  850  R 
x-rays  cannot  be  easily  explained.  Protecting 
the  more  complex,  higher,  mammalian  system 
involves  both  known  factors  such  as  species 
differences  and  unknown  factors  which  can 
only  be  elucidated  through  more  definitive  re¬ 
search  in  this  area.  The  intravenous  route  of 
administration  might  improve  the  radioprotec¬ 
tive  capacity  of  this  drug  system  in  primates. 


5 


REFERENCES 


1.  Alexander,  P„  Z.  M.  Bacq,  S.  F.  Coosens,  M.  Fox, 

A.  Herrs,  and  J.  Laiar.  Mode  of  action  of  some 
•ubatancea  which  protect  against  the  lethal 
effects  of  x-rays.  Radiat  Res.  2:392-415  (1955). 

S.  Bacq,  Z.  It.  The  amines  and  particularly  cyste- 
amine  as  protectors  against  roentgen  rays.  Acta 
Radiol.  (Stockholm)  41:47-55  (1954). 

3.  Bacq,  Z.  M.,  and  A.  Herve.  Protection  chimique 

contra  le  rayonnement  X.  Bull.  Acad.  Roy.  Med. 
Belg.  18:13-19  (1952). 

4.  Dukor,  P.  Versuche  rum  Mechanlsmus  der  Strah- 

lenschutzwiraung  von  Oxytryptaminderivaten. 
Strahlentherapie  117:330-355  (1962). 

5.  Gaddum,  J.  H.  Pharmacology.  London,  England: 

Oxford  University  Press,  1959. 

6.  Goth,  A.  Medical  Pharmacology.  St.  Louis,  Mo.: 

C.  V.  Mosby,  1964. 

7.  Gray,  J.  L.,  J.  T.  Tew,  and  H.  Jensen.  Protective 

effect  of  serotonin  and  of  para-aminopropio- 
phenone  against  lethal  doses  of  x«irradiation. 
Proc.  Soc.  Exp.  Biol.  Med.  80:604-607  (1052). 

8.  Hardy,  K.  A.,  H.  A.  W.  Spetsler,  and  R.  W.  Coch¬ 

ran.  The  SAM  high  level  cobalt-60  irradiation 
facility.  SAM-TR-65-65,  Sept.  1965. 

9.  Kimball,  A.  W.,  W.  T.  Burnett,  Jr.,  and  D.  G. 

Doherty.  Chemical  protection  against  ionising 
radiation.  I.  Sampling  methods  for  screening 
impounds  in  radiation  protection  studies  with 
mice.  Radiat.  Res.  7:1-12  (1957). 


10.  Langendorff,  H.,  H.  J.  Melching,  and  H.  A.  Ladner. 

5-Hydroxytryptamine  as  a  radiation  protective 
substance  in  animals.  Int.  J.  Radiat.  Biol. 
1:24-27  (1958). 

11.  Lohmann,  W.,  A.  J.  Moss,  Jr.,  J.  L.  Sanders, 

B.  J.  Porter,  and  D.  M.  Woodall.  Studies  on  the 
molecular  mechanism  of  the  radioprotective 
effect  of  serotonin.  Radiat.  Rob.  29:155-165 
(1966). 

12.  Melville,  G.  S.,  Jr.,  and  R.  S.  Martines.  Personal 

communication,  1966. 

13.  Melville,  G.  S.,  Jr.,  and  T.  P.  Leffingwell.  Poten¬ 

tiation  by  pentobarbital  of  the  protective  effect 
of  AET  against  gamma  rays.  SAM-TR-61-87, 
Oct  1961. 

14.  Melville,  G.  S.,  Jr.,  and  T.  P.  Leffingwell.  Toxic 

effects  of  S,2-aminoethylisothiouronium  dibro¬ 
mide.  SAM-TR-69-76,  Aug.  1969. 

15.  Van  den  Brank,  H.  A.  S.,  and  K.  Elliott.  Radio- 

protective  action  of  6-hydroxytryptamine.  Na¬ 
ture  182:1606-1607  (1968). 

16.  Van  der  Meer,  C.,  and  D.  W.  van  Bekkum.  A  study 

on  the  mechanism  of  radiation  pro  tec  lion  by 
5-hydroxytryptamine  and  tryptamine.  Int.  J. 
Rad.  Biol.  4:106-110  (1960). 

17.  Zherabchenko,  P.  G.,  and  N.  N.  Suvorov.  Connec¬ 

tion  between  radioprotective  and  vasoconstric- 
tive  action  of  indolylalkylamines.  Radiobiologiya 
111(4)  :696-602  (1963). 


6 


Unclassified 


_SecuritjLCUi«lf>c«Hon _ 

DOCUMENT  CONTROL  DATA  •  R  &  D 

(Security  el  IIH»,  body  ol  abaltact  mnd  Inditing  mmiMw  mtii)  bo  wiltfgrf  irijgi  lh»  »wnH  report  It  etatolHoi 


».  tuTHORHI  fWm  Mm>,  mlddlt  m( Hat,  /..(n.m.J 

Qanett  J.  Stork 
Arthur  E.  Cass,  Jr. 

George  S.  Helville,  Jr. ,  Lieutenant  Colonel.  USAF _ 

7*.  TOTAL  NO.  OK  PASH 

6 _ 


10.  DISTRIBUTION  STATEMENT 

Tills  document* has  been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited. 


To  determine  whether  a  combination  of  derivatives  causes  less  toxicity  in 
achieving  the  radioprotective  effect  of  tryptamine,  laboratory  rats  were  injected 
i nt rape ri tone ally  with  5-hydroxy tryptamine  alone,  and  in  combination  with  5-methoxy- 
tryptamine  and  sodium  hexobarbital,  before  exposure  to  1,200  R  gamma  radiation. 
Results  show  that  survival  increases  when  the  agents  are  given  in  certain  combina¬ 
tions.  Thirty-day  survival  (27/30)  of  rats  treated  with  the  triple  drug  combination 
was  significantly  greater  than  the  survival  of  rats  treated  with  any  of  the  drugs 
individually.  These  data  suggest  that  an  additive  or  synergistic  effect  may  be 
present  when  the  agents  are  administered  in  combination.  The  data  also  suggest  that 
radioprotection  by  indolylalkylamines  is  more  effective  against  1,200  R  gamma 
delivered  over  a  short  interval  than  against  the  same  dosage  over  a  more  extended 
interval.  The  optimum  time  for  drug  administration  was  found  to  be  approximately 
15  minutes  before  irradiation.  To  extend  this  radioprotection  to  primates,  Macaca 
mulatta  were  injected  intraperitoneally  with  the  triple  drug  combination  before 
exposure  to  850  R  x-rays.  Of  the  treated  primates,  out  of  15  survived.  (  )  ^ - 
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